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(54) A transmission system for wireless communications 



(57) A wireless communications system includes a 
number of clusters of repeaters (100,103; 101,102) 
wherein all repeaters within a cluster are connected to 
a common hub (104; 105) via respective millimeter- 
wave radio links (31-37). Wireless signals received by 
the repeaters from end-user devices (10-14,51,52) are 
transparently carried by the millimeter-wave radio links 
to respective hubs that act as concentrators for the re- 
peaters. The hubs may be linked to a wireless network 
base station (1 1 0) (in an outdoor setting) or alternatively 
to a server or a PBX (in an indoor environment) via a 
high-speed transmission facility (40), such as a fiber op- 
tic cable that is thus shared by all the repeaters. 
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Description 

Technical Field 

This invention relates to a transmission system for 
wireless communications, and more particularly to a 
method and a system for connecting cells and micro- 
cells in a wireless communications network. 

Background of the Invention 

Personal Communications Services (PCS) technol- 
ogy is expected to revolutionize the communications in- 
dustry because of its potential to deliver high bandwidth 
information services to low-power, portable lightweight 
devices carried by mobile users. There are some obsta- 
cles however, that may retard the realization of this po- 
tential. For example, PCS technology has evolved to in- 
clude a multidimensional communications framework 
that integrates a variety of mobile communications sys- 
tems and services ranging from Wireless Private Branch 
Exchanges (WPBX) and Wireless Local Area Networks 
(WLAN) to cellular-type PCS and cordless-type PCS. To 
wit, systems and services offered or scheduled to be of- 
fered under the PCS umbrella are operative at different 
frequencies of the spectrum, such as the 902-908 MHz 
frequency band at which some WPBXs operate in direct 
contrast to other WPBXs designed around the Europe- 
an cordless standards. Similarly some WLAN vendors, 
such as AT&T GIS, offer wireless hubs (such as Wave- 
LAN) that operate in the 902-928 MHz frequency band 
in contrast to other vendors, such as Motorola, who use 
for their WLAN product line (such as Altair) the so-called 
Wireless In-Building (WIN) evolving standard that is op- 
erative at the 1B GHz frequency. The lack of a uniform 
well-defined standard for PCS products and services 
may result in a mosaic of incompatible PCS products or 
services unable to provide seamless communications 
from one product or service to another. This issue is fur- 
ther complicated by the fact that some PCS network de- 
signs that are based on a particular standard, are inop- 
erative with other PCS network designs implementing a 
different standard. Clearly, it is desirable for PCS sys- 
tems to have a transmission system that allows trans- 
parent spectrum transport such that the same hardware 
can be used for different air interfaces without modifica- 
tion. 

In addition to the flexibility requirement outlined 
above, back-haul transmission systems for PCS net- 
works must also be economical to allow PCS products 
and services to be cost-effective in order to fulfill their 
market potential. Hence, the prior art implementation of 
connecting every single PCS microcell (picocell) anten- 
na to a base station via a fiber optic cable that is termi- 
nated on a lightwave transceiver operative at different 
air interfaces, is not cost-effective because of the sub- 
stantial capital outlay (or expenses) required for laying 
down (or leasing) fiber optic cables especially in urban 



environments. Thus, a problem of the prior art is lack of 
a cost-effective back-haul transmission system that pro- 
vides the flexibility benefits afforded by the transparent 
transport of a block of spectrum without wired connec- 
5 tions from each microcell to a base station. . 

Summary of the Invention 

The present invention is directed to a transmission 
10 system that is comprised of a number of clusters of re- 
peaters wherein each repeater within a cluster is con- 
nected via a respective radio link to a common hub. 
Wireless signals received by the repeaters from end-us- 
er devices are transparently (i.e., regardless of air inter- 
's faces) carried by radio links to respective hubs that act 
as signal concentrators for the repeaters. The hubs may 
be linked to a wireless base station (in an outdoor set- 
ting) or to a server or to a PBX (in an indoor environment) 
via a high-speed transmission facility, such as a fiber 
20 optic cable, that is thus shared by all the PCS repeaters 
within a cluster. 

In accordance with the principles of the invention, 
each PCS repeater serves a respective microcell or pi- 
cocell, and includes a PCS-band antenna and a nigh- 
ts gain, directional, millimeter-wave antenna for communi- 
cations with the PCS hub. The PCS-band antenna is 
used to provide PCS-type service to low-power portable 
lightweight devices while the high-gain, directional mil- 
limeter-wave antenna is used for communications to the 
30 PCS hub via a line-of -sight propagation path on a mil- 
limeter-wave radio link. The PCS hub, which may itself 
include a PCS antenna for a microcell (or picocell), acts 
as a concentrator for the cluster of PCS repeaters 
whose signals are transparently carried by the miliime- 
35 ter-wave radio link. 

In an embodiment of the principles of the invention, 
communications from a PCS repeater to a PCS hub are 
achieved by using analog block Frequency Modulation 
(block FM) techniques to modulate a block of spectrum 
40 (that may be, for example, a five MHz band of frequen- 
cies) onto a millimeter-wave carrier for transmission 
over the millimeter-wave link. Specifically, signals that 
are received by a PCS repeater from PCS end-user de- 
vices, are amplified and then converted to low interme- 
45 diate frequency (IF) signals (1-6 MHz near baseband, 
for example). The IF signals are subsequently applied 
as a modulating signal to a voltage-controlled oscillator 
operating at a much higher frequency (near 38 GHz, for 
example) to linearly frequency modulate a carrier for 
50 transmission over the millimeter-wave radio link. Alter- 
natively, the voltage-controlled oscillator may operate at 
a lower frequency that is multiplied up to the output fre- 
quency. Similarly, the PCS hub is arranged to convert a 
signal received from a networking device, such as a 
55 wireless base station, to a low IF signal that is applied 
as a modulating signal to a voltage-controlled oscillator 
operating at a different frequency range (such as the 39 
GHz frequency range). The output of the voltage-con- 
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trolled oscillator is then transmitted to the appropriate 
repeaters via millimeter-wave radio links. 

Communications from a repeater to a wireless end- 
user device are achieved by converting a millimeter- 
wave signal derived from the wireless base station to an s 
intermediate frequency signal that is subsequently am- 
plified and frequency demodulated to yield a near base- 
band version (1-6 MHz for example) of the PCS signal 
to be transmitted. The latter signal is in turn frequency- 
translated up to the desired PCS carrier frequency and 10 
transmitted after power amplification. 

Brief Description of the Drawings 

In the drawings: is 

FIG. 1 is a block diagram of an illustrative PCS out- 
door network implementing the principles of the in- 
vention; 

FIG. 2 is a block diagram of a PCS indoor network 20 
implementing the principles of the invention; 
FIG. 3 shows a block diagram of an illustrative PCS 
repeater arranged in accordance with the invention 
to communicate with a PCS hub; and 
FIG. 4 is a block diagram of an illustrative PCS hub 25 
designed in accordance with the invention to com- 
municate with the PCS repeater of FIG. 3 over a 
millimeter-wave link, and with a PCS base station 
over a fiber optic link-or other high-bandwidth me- 
dium; and 30 
FIG. 5" shows a configuration of an illustrative met- 
ropolitan PCS network implementing the principles 
of the invention. 

Detailed Description 35 

FIG. 1 is a block diagram of an illustrative PCS out- 
door network implementing the principles of the inven- 
tion. The PCS network of FIG. 1 includes microceli re- 
peaters 1 00, 1 01 , 1 02 and 1 03, microceli hubs 1 04 and 40 
105, base station 110 and a fixed network 120. Microceli 
repeaters 100, 101 , 102 and 103 that may be mounted, 
for example, on 10-meter high utility poles, lamp posts 
or sides of buildings on different streets, are the PCS 
network points of access and egress for wireless end- 45 
user devices. Examples of those devices are shown in 
FIG. 1 as the wireless telephone sets 10, 11, 12and14, 
and the multimedia workstations 50 and 51 that are ar- 
ranged to receive information from, and transmit infor- 
mation to the closest of the repeaters 1 00, 1 01 , 1 02 and 50 
103 or hubs 104 and 105 via respective PCS-band an- 
tennas 20, 21 , 22, 23, 24 and 25. As described in detail 
below, information received over PCS-band antennas 
20, 21 , 22 and 23 is frequency-translated from a given 
PCS carrier frequency to near baseband in order to pro- & 
duce a desired modulating signal for the millimeter- 
wave frequency signal that is transmitted to respective 
microceli hubs 104 and 105 via respective millimeter- 
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wave antennas 30, 31, 32 and 33. Those antennas 
could be parabolic, directional, high gain antennas that 
are placed within a Line-of-Sight (LOS) path of a similar 
antenna 34/35 (36/37) mounted on the microceli hub 

104 (105) to form the millimeter-wave links from each 
one of the microceli repeaters 1 00, 1 03 (1 01 , 1 02) to the 
microceli hub 104 (105). Because of the Line-of-Sight 
(LOS) requirement, microceli hub 104 (105) that may 
also be mounted on a utility pole or a lamp post, is best 
located at street intersections (although not necessarily) 
for communications with microceli repeaters 100 and 
103 (101 and 102). In an actual implementation of the 
principles of the invention, millimeter-wave antennas 
30, 31 , 32, 33, 34, 35 36 and 37 are designed with one- 
foot diameter aperture such that the achievable narrow 
antennas beamwidths provide sufficient gain to com- 
pensate for attenuation caused by atmospheric factors, 
such as heavy rain or snow storms, and also provide 
freedom from multipath effects caused by reflection 
from adjacent buildings 60-A to 63-D. 

Each one of the microceli repeaters 100, 101 , 102 
and 103 homing on microceli hub 104 or 105 requires a 
unique pair of channels (one channel for each direction 
of transmission) of millimeter-wave spectrum. While 
those channels are unique for a particular link connect- 
ing a repeater to a hub, the frequency associated with 
those channels can be reused by other links. This is be- 
cause the main lobe-to-back lobe ratio of directional mil- 
limeter-wave antennas 34, 35, 36 and 37 makes it pos- 
sible for two adjacent links to use the same millimeter- 
wave frequency. Moreover, channel isolation is further 
improved by using orthogonal polarizations, as de- 
scribed in further detail below. 

Also shown in the block diagram of FIG. 1 is base 
station 110 that is connected to microceli hubs 104 and 

105 via a high-speed transmission facility 40. The trans- 
mission facility 40 may be implemented, for example, as 
a fiber optic cable that is terminated on a lightwave 
transceiver, such as the AT&T Lightwave Microceli 
Transceiver (LMT) that is arranged to transparently 
translate a received Radio Frequency (RF) signal to an 
optical signal by direct modulation of a laser with the 
received RF signal. Base station 110 acts as a gateway 
for communications between the fixed network 120 and 
the wireless network of FIG. 1 . Base station 110 may be 
comprised of hardware and software components that 
perform call setup and switching functions for calls orig- 
inated from, or destined for wireless end-user devices 
1 0, 1 1 , 1 2, 1 4, 50 and 51 . The call setup and switching 
functions of base station 110 include allocation and ad- 
ministration of radio channels for active wireless end- 
user devices, tearing down a connection at the end of a 
call, coordination of call hand-off s from one microceli 
site to another. Among the components that may be co- 
located in base station 110 is a Mobile Switching Center 
(not shown) which is a processor-controlled software- 
driven switching system arranged to provide seamless 
communications paths for calls that are routed over the 
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wireless network of FIG. 1 , and that are destined for ei- 
ther a wireless end-user device or a wired telephone set 
connected to fixed network 120. The latter is a land-line 
network that is comprised of interconnected local and 
toll switches (not shown) that enable a call originated s 
from a wireless end-user communications device to be 
completed to a wired end-user communications device, 
such as telephone set 80. A description of a Mobile 
Switching Center and associated connections to a wire- 
less network can be found in an article by Gauldin et. al 10 
entitled The 5ESS\Re Wireless Mobile Switching Cent- 
er" AT&T Technical Journal, Volume 72, No. 4, July/Au- 
gust 1993. 

Although FIG. 1 shows base station 110 connected 
to hubs 104 and 105 via a wired facility 40, it is to be is 
understood that hubs 1 04 and 1 05 may also be connect- 
ed to base station 110 via respective radio links. Simi- 
larly, it is also possible for base station 110 to be co- 
located with one of the hubs 104 and 105. 

FIG. 2 is a block diagram of a PCS indoor network 20 
implementing the principles of the invention. The PCS 
network of FIG. 2 includes picocell repeaters 100-101, 
and 102-1 03 that are located within Line-of-Sight (LOS) 
of picocell hubs 104 and 105, respectively, that are in 
turn connected to LAN server 21 0 and PBX 220 via, for 2s 
example, wired or flbered transmission facility 90. The 
picocell repeaters 101 to 103 may be ceiling mounted 
to allow an unobstructed wireless communications path 
between those repeaters and end-user wireless com- 
munications devices 10-13 and 50-53. End-user com- 30 
munications devices 50-53 may be implemented as 
portable processors or notebook computers equipped 
with a network interface adapter, an integrated RF mo- 
dem, PCS radio transceiver and suitable PCS antenna. 
Alternatively, wireless end-user devices 50-53 may be 35 
personal multimedia terminals equipped with a wireless 
network interface adapter that may conform, for exam- 
ple, to the well-known Personal Computer Memory Card 
International Association (PCMCIA) standards. 

Repeaters 100 to 103 have all the features de- 40 
scribed above for the outdoor networking environment 
of FIG. 1 , except that in the indoor environment, they 
operate at different frequencies for different applica- 
tions. For example, repeaters 100-103 may use direct 
sequence (or frequency hopping) spread spectrum 45 
techniques in both the 900 MHz, 2.45 GHz or higher fre- 
quency ISM bands for communications with wireless 
end-user devices 50-53. Alternatively, repeaters 
100-103 may radiate RF signals (destined for wireless 
end-user devices 50-53) at the 18 GHz frequency that so 
is used by some WLAN products, such as the Altai r 
WLAN from Motorola. Likewise, communications be- 
tween repeaters 100-103 and wireless telephone sets 
10-13 may take place at yet another frequency that is 
application-dependent. For example, if PBX 220 or LAN 55 
server 210 are multimedia communications devices 
serving multimedia end-user devices, repeaters 
100-103 may operate at a higher frequency than if LAN 



server 210 and PBX 220 are single medium communi- 
cations devices. 

Regardless of the operating frequency of repeaters 
100-103, they communicate with respective hubs 
104-105 via a Line-of-Sight millimeter-wave link that 
may operate, for example, at a frequency near 38 GHz 
or higher with reasonable transmit powers (less than 
100 mW). Advantageously, the repeater of FIG. 2 does 
not need to be reconfigured as traffic demand increases. 

FIG. 3 shows a block diagram of an illustrative re- 
peater arranged in accordance with the invention to 
transmit and receive signals to a hub as well as to a wire- 
less end-user device. The repeater of FIG. 3 includes a 
PCS-band antenna 20 that is connected to a duplexer 
301 and a millimeter-wave antenna 30 that is linked to 
a duplexer 305. Also shown in the repeater of FIG. 3 are 
frequency converters 302 and 308, Intermediate Fre- 
quency Amplifier/Mixer 303 and 307 and frequency- 
modulated mm-wave source 306. Antenna 30 is a high- 
gain millimeter-wave, directional, antenna that is placed 
within line-of -sight of hub 104. Antenna 30 may be, for 
example, a one-foot-diameter parabolic reflector that is 
used for both signal transmission and reception. Ac- 
cordingly, duplexer 305 is used to separate signals re- 
ceived and transmitted by the repeater of FIG. 3. The 
selected frequency difference between the received and 
transmitted signals (700 MHz, for example) should be 
adequate for good duplexer performance at a reasona- 
ble cost. Similarly, duplexer 301- is used to differentiate 
PCS signals transmitted by the repeater of FIG. 3 to the 
wireless end-user devices from PCS signals received 
by the repeater of FIG. 3 from those end-user devices. 

When the repeater of FIG. 3 receives a frequency- 
modulated millimeter-wave signal from one of the hubs 
104-105, that signal is transmitted by duplexer 305 to 
frequency converter 304 which down-converts the mil- 
limeter-wave signal to an intermediate frequency (IF) in 
the UHF or microwave range. Alternatively, a low-noise 
amplifier could precede the frequency converter to im- 
prove noise figure. The IF signal is then forwarded to 
the IF amplifier and FM discriminator 303. The latter in- 
cludes a) an amplifier which is arranged to boost the 
gain element of the received IF signal that is generally 
relatively weak after the frequency conversion and b) a 
FM signal discriminator or detector which is arranged to 
demodulate the IF FM-based signal carrier and recovers 
therefrom the near-baseband version of a PCS signal 
that may be, for example, in the 1-6 MHz range. A FM 
signal discriminator or detector may be implemented, in 
the UHF frequency range, for example, with a Plessey 
chip SL-1455. The resulting PCS near-baseband signal 
is, in turn, amplified and frequency-translated up to the 
desired PCS carrier frequency by the frequency con- 
verter 302 before its transmission to duplexer 301 which 
separates received and transmitted PCS signals. It is 
worth noting that each one of the frequency conversions 
mentioned above may be accomplished in more than 
one step to reach a desired frequency. For example, the 
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near-baseband signal output! ed by IF amplrfier/FM dis- 
criminator 303 may be initially mixed up to generate an 
intermediate frequency signal that is, in turn, mixed up 
to produce, tor example, a 900 MHz signal. 

When the repeater of FIG. 3 receives a PCS signal s 
from an end-user wireless device via antenna 20, that 
PCS signal is transmitted by duplexer 301 to a Low- 
Noise Amplifier (LNA) 308 to achieve a good noise fig- 
ure for the repeater of FIG. 3. The received PCS signal 
may be for example, a 5-MHz-wide block of PCS spec- io 
trum that is frequency-translated by the chain of LNA/ 
frequency converter 308 and IF/Amp/Mixer 307 to a 
near-baseband version in the 1 -6 MHz range, for exam- 
ple. Ttie resulting signal is then applied to a voltage-con- 
trolled oscillator (VCO) 306 to frequency-modulate that 
signal onto a carrier to produce the desired millimeter- 
wave frequency signal that is then directly transmitted 
to the duplexer 305 and the millimeter-wave antenna 30. 

In an illustrative embodiment of the principles of the 
invention, the signal outputted by VCO 306 may operate 20 
in the 38 GHz region. This choice of millimeter-wave fre- 
quency will be determined by the path parameters of the 
link. For outdoor applications, frequencies near 38 GHz 
might be preferable due to path attenuation from rain. 
For indoor applications, higher millimeter-wave f requen- 2s 
cies might be better suited. In an actual implementation 
of the principles of the invention, the modulating signal 
at the port of VCO 306 is subjected to pre-emphasis. 
Specifically, when the repeater of FIG. 3 is transmitting 
to hub 104,* 2 weighting is applied over the 1 to 6 MHz 30 
region before frequency-modulating the signal entering 
VCO 306. Likewise when the repeater of FIG. 3 is re- 
ceiving signals from hub 104, weighting is applied 
to IF Amp/FM discriminator 303. 

FIG. 4 is a block diagram of an illustrative hub de- 35 
signed in accordance with the invention to communicate 
with the repeater of FIG. 3 over a millimeter-wave link. 
The hub 104 of FIG. 4 has some hardware components 
that are the same as those used for the repeater of FIG. 
3, such as the millimeter-wave antenna (in this case an- *o 
tenna 34) that is used for both signal reception and 
transmission. In the case of hub 104; however, the de- 
sign of duplexer 401 is more complex because there 
may be multiple repeaters served by the same millime- 
ter-wave antenna. In this example, the hub 1 04 commu- 45 
nicates with two repeaters that use orthogonal polariza- 
tions (Vertical and Horizontal, for example). This allows 
the two signals to be combined or separated with virtu- 
ally no loss penalty. Thus, duplexer 401 is both a fre- 
quency duplexer, to separate transmitted and received so 
signals, and a polarization duplexer, to separate the sig- 
nals from/to the two different microcell repeaters. Addi- 
tionally, signals from two different repeaters may be 
transmitted at two different respective frequencies 
thereby allowing implementation of a single polarization ss 
scheme, as opposed to a dual polarization scheme. 

For signals that are received at the hub 104 from 
one of the repeaters 100 and 103, and that are trans- 



mitted to the common network backbone facility (shown 
as facility 40 in FIG. 1 and facility 90 in FIG. 2), there is 
only minimal processing required: Those signals, which 
may be, for example, 38 GHz FM-based signals, are 
down-converted by the frequency converter 408 (409) 
to different intermediate frequencies in the 500 MHz re- 
gion, for example. Because the gain elements of the fre- 
quency converters 408 (409) are relatively weak, the IF 
signals are amplified in I F amplifier 406 (407) before be- 
ing demodulated by a frequency discriminator therein to 
recover a near-baseband signal in the 1 -6 MHz region. 
The near-baseband signal can then be used to linearly 
modulate, for example, a solid-state laser included in 
facility interface 405 when the latter is a fiber interface. 
The center frequencies of the individual signals can be 
chosen such that the frequencies of all the third-order 
inter-modulation products fall in parts of the spectrum 
where no signals are present. The application of this 
technique in a multi-channel analog fiber transmission 
system reduces the linearity requirements for the fiber 
facility. 

One of the benefits of this arrangement when fiber 
optic transmission facilities are used, is that inter-mod- 
ulation products of the signals carried on the facilities 
are avoided because control of the frequency placement 
of the individual signals allows selection of signal fre- 
quencies that can take advantage of the typically large 
bandwidth of fiber-optic facilities. This involves the pen- 
alty of requiring a larger total bandwidth than if the chan- 
nels were packed as close as possible, thus, bandwidth 
can be traded off for linearity. A fiber interface may be 
implemented using, for example the AT&T Lightwave 
Microcell Transceiver or a variant thereof. 

Also shown in FIG. 4 is facility interface 404 that is 
arranged to receive a near-baseband 1 -6 MHz signal 
from base station 1 1 0 of FIG. 1 (or PBX 220 or LAN 21 0 
of FIG. 2) via the facility 40 (or 90). When implemented 
as a fiber interface, facility interface 404 is different from 
facility interface 405 in the sense that it does not have 
to satisfy as strict a linearity requirement because, typ- 
ically, the dynamic range of the signal to be transmitted 
is considerably less. Signals received in facility interface 
404 are demodulated to recover a 1 -6 MHz range signal 
that is then applied to one of the voltage-controlled os- 
cillators (VCO)-402 or 403 that frequency modulates 
that signal on a carrier to produce the desired millimeter- 
wave frequency signal that is then directly transmitted 
to the duplexer 401 and the millimeter antenna 34. In 
certain implementations, it might be desirable to amplify 
and up-convert the frequency of the near-baseband sig- 
nal recovered from the facility interface 404 prior to its 
modulation by VCO 402 or 403. 

An important alternative implementation of the fa- 
cility interfaces 404 and 405 is the "digital solution". This 
consists of digitizing the analog signals using fast Ana- 
log-to-Digital (A/D) converters and then multiplexing the 
digital streams onto the fiber using a standard digital in- 
terface. Conceptually, this may seem much more corn- 
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plex than the analog solution because the aggregate bit 
rate which is implementation-dependent, is likely to ex- 
ceed 1 Gbit/s. However it benefits from being a 'stand- 
ard' way of sending analog signals over fiber. 

Fl G. 5 depicts a top view of an illustrative metropol- $ 
itan PCS network implementing the principles of the in- 
vention. The PCS network of FIG. 5 shows hubs 501, 
502, 503 and 504 that are located at the intersection of 
thoroughfares called "avenues' and "streets". Within a 
radius of approximately one kilometer from each hub are io 
placed a number of associated repeaters that are within 
line-of-sight of each hub. For example, hub 501 is as- 
sociated with repeaters 505, 506, 507, 508 and 509. 
Similarly, hub 503 is wirelessly connected to repeater 
510 while hubs 504 and 502 serve repeaters 512-514 J5 
and 511 , respectively. Hubs 501 , 502, 503 and 504 play 
the dual role of a) repeaters for mobile end-user devices 
which transmit PCS signals thereto, and b) concentra- 
tors for associated repeaters which forward traffic there- 
to for transmission to base station 520. It is worth noting 20 
that while the repeaters in FIG. 5 are within line-of-sight 
of an associated hub, they are not necessarily within 
line-of-sight of each other or the base station 520 serv- 
ing those repeaters. Base station 520 is connected to 
hubs 501 and 503 via broadband wired facilities 530 and 25 
540 which may be fiber optic or co-ax cables. By con- 
trast, hubs 502 and 504 are connected to base station 
520 via radio links 550 and 560, respectively. When ra- 
dio links 550 and 560 operate at millimeter-wave fre- 
quencies, hubs 502 and 504 must be within line-of-sight 30 
of base station 520. 

Each repeater in the illustrative PCS communica- 
tions network of FIG. 5 provides wireless communica- 
tions to low-power mobile end-user devices within the 
coverage area of an associated cell site. Because of 3S 
propagation loss and the low-power nature of the mobile 
end-user devices, each repeater is equipped with an an- 
tenna that is mounted at heights of around 10 meters, 
which is well below the rooftops of surrounding buildings 
represented by the rectangles in FIG. 5. This limits the 
coverage area of each cell site. Because of the limited 
coverage area provided by each cell site, a great 
number of repeaters and associated connections to the 
base station are required to provide ubiquitous cover- 
age. The capital outlay that is needed for such an infra- 
structure may be cost-prohibitive at PCS service intro- 
duction time. Because the number of PCS subscribers 
is expected to be moderate at service introduction time, 
it may be unnecessary to dedicate networking capacity 
to each cell site/repeater. 

According to another aspect of the invention, re- 
peaters associated with a hub (hereinafter called "re- 
peaters within a cluster") may be arranged to operate 
together in a "simulcast" fashion. Specifically, when a 
mobile end-user device transmits a PCS signals all re- 
peaters within the cluster which receive the PCS signal, 
transmit the same PCS signal (or a version thereof) to 
the associated hub (in the cluster) via their respective 



radio links. In addition to receiving the individual ver- 
sions of the PCS signal from the repeaters in the cluster, 
the hub (in its role as a repeater) also receives the PCS 
signal from the mobile end-user device. Thereafter, the 
hub simply adds (in a linear combiner, for example) the 
individual versions of the common PCS signal to the 
PCS signal received therein to produce a single com- 
posite signal that is transmitted to the base station 520. 
Alternatively, the hub may transmit the individual ver- 
sions including its own version of the PCS signal to base 
station 520 which performs the signal addition operation 
mentioned earlier. In both arrangements, the different 
repeaters within a cluster act as different parts of a dis- 
tributed antenna. In the downstream direction, the hub 
broadcasts each communications signal received from 
the base station 520 to all the repeaters within the clus- 
ter. Advantageously, the use of simulcast simplifies the 
fiber interface in the hub because only one signal needs 
to arrive to the hub via the fiber. Similarly, the signals 
received by repeaters in the same cluster can be fre- 
quency-translated to the same frequency in the hub and 
added together prior to transmission over the fiber, as 
mentioned above, thus reducing the bandwidth require- 
ment on the fiber. A further advantage of the use of si- 
mulcasting is that no hand-off is required when a mobile 
end-user device moves between two cell sites in the 
same cluster. Yet another advantage of the use of simul- 
casting is that it provides an evolutionary solution for 
- low-traffic areas that allows the range of PCS coverage 
to be extended at minimal cost through the utilization of 
a transport infrastructure that can be re-used as traffic 
demand increases and network capacity has to be ded- 
icated to individual cell sites. 

The foregoing is to be construed as only being an 
illustrative embodiment of the principles of this inven- 
tion. Persons skilled in the art can easily conceive of 
alternative arrangements providing functionality similar 
to this embodiment without any deviation from the fun- 
damental principles or the scope of this invention. 



Claims 

1 . A transmission system for use in a wireless com- 
munications network, said system characterized by 

at least one cluster of repeaters wherein each 
one of said repeaters receives a) wireless sig- 
nals from wireless end-user devices via respec- 
tive wireless links to produce communications 
signals destined for a networking device of said 
communications network; and b) information 
signals from said networking device to deliver 
wireless signals to at least one of said wireless 
end-user devices; and 

at least one hub wherein each hub communi- 
cates with a) said networking device via a 
facility , and b) repeaters that are associated 
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with a single cluster, and that are within line-of- 
sight of said each hub, said communication with 
said associated repealers being carried out via 
respective radio links which provide respective 
communications paths for said communica- 
tions signals and said information signals to be 
exchanged between said associated repeat- 
ers, said each hub and said networking device. 

2. The invention of claim 1 characterized in that said 
at least one hub is also a repeater which communi- 
cates with wireless end-user devices within said 
hub's vicinity. 

3. The invention of claim 1 characterized in that said 
repeaters within a cluster are not within line-of -sight 
of each other. 

4. The invention of claim 1 characterized in that at 
least one of said repeaters includes 

a first signal processor which processes said 
wireless signals received from said wireless 
end-user devices to produce said communica- 
tions signals destined for said networking de- 
vice; and 

a second signal processor which processes in- 
formation signals received from i) said network- 
ing device via a hub associated with said re- 
peater, and ii) said respective radio link in order 
to output said wireless signals to said at least 
one wireless end-user device. 

5. The invention of claim 1 characterized in that said 
hub further includes 

at least one duplexer a) which separates in- 
formation signals transmitted to a particular one of 
said associated repeaters from communications 
signals received from said particular one of said as- 
sociated repeaters, and b) separates information 
signals transmitted to different ones of said associ- 
ated repeaters. 

6. The invention of claim 1 characterized in that said 
at least one hub further includes a polarization du- 
plexer which uses orthogonal polarizations to asso- 
ciate each received communications signal to a par- 
ticular repeater which transmitted thereto said com- 
munications signal. 

7. The invention of claim 1 characterized in that at 
least one of said repeaters receives a plurality of 
said wireless signals from a plurality of wireless 
end-user devices operative at different air interfac- 
es and wherein said at least one repeater receives 
said plurality of wireless signals as a block of spec- 
trum in aggregate form. 



8. The invention of claim 1 characterized in that said 
networking device is selected from a group of de- 
vices which include a) a base station b) a processor 
and c) a wireless private branch exchange. 

5 

9. A wireless communications network characterized 
by 

at least one repeater which a) receives at least 

io one wireless signal from at least one nearby 

wireless end-user device, b) converts said at 
least one received wireless signal to an inter- 
mediate frequency signal, and c) frequency- 
modulates said intermediate frequency signal 

is onto a carrier for transmission over a radio link 

operative at a selected frequency range; and 
at least one hub which a) receives via said radio 
link said frequency-modulated signal from said 
at least one repeater that is placed within line- 

20 of-sight of said at least one hub, and b) demod- 

ulates said frequency-modulated signal to pro- 
duce a demodulated near baseband signal that 
is subsequently up converted to a selected car- 
rier frequency for communication to a trans- 

2S ceiver which terminates a facility connected to 

a communications device of said wireless com- 
munications network. 

10. The invention of-claim 9 characterized in that said 
so wireless communications network includes more 

than one of said hubs wherein each one of said 
hubs communicates via respective radio links to 
more than one repeater. 

35 11 . The invention of claim 1 0 characterized in that said 
at least one repeater receives more than one wire- 
less signal from more than one wireless end-user 
device, in aggregate form as a block of spectrum. 

40 12. A transmission system for a wireless communica- 
tions network characterized by 

a plurality of hubs wherein each one of said 
hubs a) receives communications signal from 

^5 an associated networking device and b) con- 

verts said communications signal to a near 
baseband signal that is subsequently frequen- 
cy-modulated for transmission over a radio link 
operative at a selected frequency range; and 

50 a plurality of repeaters grouped into clusters 

wherein repeaters within a cluster are located 
within line-of -sight of an associated one of said 
hubs and wherein said repeaters within a clus- 
ter a) receive said frequency-modulated signal 

55 from said associated hub via said radio link and 

b) demodulate said respective frequency-mod- 
ulated signal to produce a demodulated signal 
that is subsequently frequency-translated to at 
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least one wireless carrier frequency for trans- 
mission to at least one nearby wireless end-us- 
er device operative at one or more air interfac- 
es. 

5 

13. A method of communicating wireless information in 
a wireless communications network, said method 
characterized by the steps of: 

receiving in at least one repeater a wireless sig- 10 
nal from a wireless end-user device at a first 
frequency range, and a communications signal 
at a second frequency range; 
processing in said at least one repeater a) said 



frequency for communication to a transceiver 
which terminates a facility connected to said 
networking device. 



wireless signals to produce frequency-modu- 
lated signals that are transmitted over a radio 
link operative at said second frequency range, 
and b) said communications signals to produce 
said wireless signal that is transmitted to said 
wireless end-user devices at said first frequen- 20 
cy range; 

receiving in a hub located within line-of-sight of 
said at least one repeater a) a data signal from 
a networking device of said wireless communi- 
cations network, and b) said frequency-modu- 25 
lated signal from said at least one repeater; 
processing at said hub a) said data signal to 
generate said communications signal that is 
transmitted to said at least one-repeater via 
said radio link, and b) said frequency-modulat- 30 
ed signal that is demodulated to be subse- 
quently modulated at a selected carrier fre- 
quency for communication to a transceiver 
which terminates a wired facility connected to 
said communications device. 3S 

14. A hub for use in a wireless communications net- 
work, said hub characterized by 

an antenna which a) receives modulated com- 40 
munications signals as a block of spectrum 
from a plurality of repeaters via respective radio 
links, said repeaters being placed within line- 
of -sight of said hub, and arranged to receive 
from nearby mobile end-users devices wireless 45 
end-user signals that are processed in said re- 
peaters to produce said modulated communi- 
cations signals, and b) transmits to said repeat- 
ers via said radio links information signals re- 
ceived from a networking device of said wire- so 
less communications network; 
a first processor which converts said informa- 
tion signals into a format suitable for transmis- 
sion over said respective radio links; and 
a second processor which demodulates said 55 
modulated communications signals to produce 
demodulated near baseband signals that are 
subsequently up converted to a selected carrier 
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